Factors determining the specificity of signal transduction by guanine nucleotide-binding protein-coupled receptors. I. Coupling of alpha 2-adrenergic receptor subtypes to distinct G-proteins.
alpha 2-Adrenergic receptor (alpha 2-AR) subtypes couple to pertussis toxin (PT)-sensitive G-proteins to elicit both stimulatory and inhibitory cell responses. Signal specificity may be generated by the ability of the receptor subtypes to "recognize" distinct G-proteins with different affinity. To address this issue we stably expressed three alpha 2-AR subtypes, RNG alpha 2 (alpha 2B-AR), RG10 (alpha 2C-AR), and RG20 (alpha 2D-AR), in NIH-3T3 fibroblasts, which express two PT-sensitive G-proteins (Gi alpha 2, Gi alpha 3), and analyzed receptor/G-protein interactions by determining: 1) functional coupling to adenylylcyclase and 2) the ability of the receptors to exist in a high affinity state for agonist. In alpha 2D-AR transfectants expressing 200 or 2,200 fmol of receptor/mg of protein, epinephrine (10 microM) inhibited forskolin-induced elevation of cellular cAMP by 26 +/- 4.8% and 72 +/- 6.2%, respectively. Similar results were obtained in alpha 2B-AR transfectants. However, in alpha 2C-AR transfectants (200 fmol/mg) the forskolin-induced elevation of cellular cAMP was not altered by agonist treatment. In alpha 2C-AR transfectants expressing higher receptor densities (650-1,200 fmol/mg), epinephrine inhibited the effect of forskolin by 30 +/- 3.2%. This difference in functional coupling among the alpha 2-AR subtypes is reflected at the receptor/G-protein interface. In membrane preparations of alpha 2B and alpha 2D-AR but not alpha 2C-AR transfectants, agonist competition curves were biphasic, indicating high and low affinity states of the receptor for agonist. The high affinity state was guanyl-5'-yl imidodiphosphate- and PT-sensitive, indicative of receptor/G-protein coupling. These data suggest that the alpha 2C-AR differs from the alpha 2B and alpha 2D-AR subtypes in its ability to recognize PT-sensitive G-proteins expressed in NIH-3T3 fibroblasts. The alpha 2C-AR may couple preferentially to PT-sensitive G-proteins (Gi1, Go1,2) not expressed in NIH-3T3 fibroblasts and thereby elicit different cellular responses.